). The probability that bacteremia was caused by an MR strain, P p .02 rather than an MS strain, was 62% among patients admitted from the community and 84% among patients admitted from health care facilities. This study identified epidemiological characteristics that can be used to distinguish between MR-and MS-CoNS bacteremia and found high rates of methicillin resistance among CoNS isolates recovered from patients admitted from the community, as well as from health care facilities.
h of hospital admission) also identified CoNS as the third most common pathogen [7] . Despite the frequent recovery of CoNS at hospital admission, there is a paucity of information about the prevalence of, risk factors for, and antimicrobial susceptibility patterns of CoNS bacteremia that is diagnosed within 48 h after admission to a hospital. In contrast, the epidemiology of nosocomial CoNS bacteremia has been well defined. The independent risk factors associated with nosocomial CoNS bacteremia include intravenous access, acute leukemia, previous documentation of CoNS colonization, malignancies, neutropenia, and previous receipt of antibiotic therapy [1, [8] [9] [10] .
Antibiotic resistance among nosocomial isolates is of major concern and continues to increase in frequency. At present, up to 90% of CoNS isolates are resistant to methicillin, and a large proportion are also resistant to other antibiotics, including quinolones and aminoglycosides [4, [11] [12] [13] [14] . Whether similar trends of antimi-crobial resistance are present among non-nosocomial CoNS isolates is not clear.
To further elucidate the epidemiology of CoNS bacteremia diagnosed at hospital admission, an analysis of CoNS isolates recovered within 48 h of hospital admission was performed. The specific aims of the present study were to determine the prevalence of and risk factors associated with true CoNS bacteremia at hospital admission. Because there are important epidemiological differences between antimicrobial-resistant and antimicrobial-susceptible strains, the analysis was stratified into 2 groups of patients: those with methicillin-resistant (MR) CoNS bacteremia and those with methicillin-susceptible (MS) CoNS bacteremia. Both groups were compared with patients without CoNS bacteremia at hospital admission.
PATIENTS AND METHODS
Study setting. The study was performed at the Beth Israel Deaconess Medical Center (Boston), a 591-bed tertiary care teaching hospital with an average of 27,000 patient discharges per year. This study was approved by the institution's Committee on Clinical Investigation.
Study design. From 1997 through 2001, all blood cultures processed by the clinical microbiology laboratory that had yielded CoNS were identified through review of the computerized microbiology records. Medical records for all patients 118 years of age from whom samples had been obtained within 48 h of admission that yielded CoNS with identical antibiograms were reviewed. "True" CoNS bacteremia was defined as CoNS bacteremia in patients who experienced fever (temperature у38ЊC) that was not attributable to other causes and who received at least 3 days of antistaphylococcal antimicrobial treatment. Only the first episode of true CoNS bacteremia in each patient was included in the analysis.
To identify the risk factors for MR-and MS-CoNS bacteremia diagnosed at hospital admission, 2 case-control studies were performed. In the first study, case patients were those with true MR-CoNS bacteremia at hospital admission; in the second study, case patients were those with true MS-CoNS bacteremia at hospital admission. Control patients were chosen from among all adult patients who were admitted to the hospital during the same year and for whom CoNS were not isolated from clinical cultures during the hospital stay. If 11 control patient was available for a particular case patient, the control patient whose date and time of admission were closest to those of the case patient were chosen. None of the control patients had infections diagnosed within 48 h of hospitalization. The same control group was used for both case-control studies. A standardized set of data forms was developed for case and control patients. Inpatient, outpatient, and home-visiting nurse notes were reviewed using computerized medical records. Demographic and clinical data, including transfer from other hospitals, residence in long-term care facilities or nursing homes, ambulatory status, comorbidity index using the Charlson score [15] , previous hospitalizations within 1 year, presence of a central venous catheter (CVC), requirement for long-term hemodialysis, and laboratory and microbiology data were extracted from these records. Antibiotics that were administered within 30 days and for at least 2 days before study inclusion (before the time of the case that was included in the study) were recorded. Data on outpatient antibiotic exposure were derived from nursing home charts, outpatients charts, and pharmacy records. Antibiotic exposure was analyzed by individual antibiotics and by classes, including penicillins, vancomycin, cephalosporins, antibiotics with predominantly anaerobic activity (metronidazole and clindamycin), aminoglycosides, quinolones, and carbapenems. Surgical procedures and intensive care unit admission within 30 days of the date of the study inclusion were also recorded. Isolations of vancomycin-resistant enterococci or MR Staphylococcus aureus (MRSA) were reported within 1 year. Polymicrobial bacteremia was defined as isolation of CoNS and 1 additional species of bacteria in the same blood culture. Nosocomial cases were defined as CoNS isolations after у48 h of hospitalization.
Identification of organisms and susceptibility testing. CoNS were identified according to standard methods and criteria [16] . Antimicrobial susceptibility testing was assessed by the Vitek System, using NCCLS guidelines [17] and the manufacturer's instructions.
Statistical analysis. Quantitative variables were tested for distribution and compared using the Kruskal-Wallis test. Differences in group proportions were assessed using the x 2 test and Fisher's exact test. Potential risk factors for MR-and MSCoNS bacteremia at hospital admission were analyzed by univariate methods. Only those variables for which P was !.05 were included in the logistic regression models, and stepwise variable selections were performed to define the best-fitting model. The probability of methicillin resistance among CoNS strains at hospital admission and according to the day of hospitalization was also determined. Statistical analyses were performed using the Intercooled Stata software program (release 7.0; Stata).
RESULTS

Patient characteristics.
During each year of the 5-year study period, 12% of all blood samples obtained from inpatients yielded CoNS. Overall, 254 patients with true CoNS bacteremia were identified. The rate of true CoNS bacteremia increased from 1.76 cases/1000 hospital discharges in 1997 to 3.59 cases/ 1000 hospital discharges in 2001. One hundred eight patients (43%) had CoNS bacteremia detected within 48 h of hospi- ). The logistic regression model dem-P ! .05 onstrated that patients with MR-CoNS bacteremia were more likely to have had a CVC at hospital admission, were more likely to have a history of MRSA infection or colonization, were more frequently admitted from long-term care facilities or nursing homes, and had received a significantly greater number of antibiotics than control patients (table 2). The logistic regression model correctly classified 79% of the MR-CoNS cases, with 76% sensitivity and 82% specificity. All but 2 patients (96%) among the 79 with MR-CoNS bacteremia had at least 1 of the risk factors selected by the model. The only independent risk factor identified for MS-CoNS bacteremia at hospital admission was the presence of a CVC (table 2) . This variable alone identified 77% of the cases.
Probability of methicillin resistance. Figure 1 shows the probability of methicillin resistance among the 254 patients with true CoNS bacteremia at hospital admission and during hospitalization. The probability of methicillin resistance among CoNS causing bacteremia at hospital admission was 73%. After patients were stratified according to whether they had been admitted to the hospital from the community or from a health care facility (i.e., long-term care facilities or nursing homes), the probability of methicillin resistance among CoNS isolates was 62% for isolates from patients who were admitted from the community and 84% for isolates from patients who were admitted from health care facilities ( figure 1) .
Antibiotic susceptibility. We compared the antimicrobial susceptibility profiles of CoNS isolates recovered within 48 h of hospitalization with the profiles of those recovered after у48 h of hospital admission. ). All isolates were susceptible to P p .24 vancomycin.
DISCUSSION
Among episodes of CoNS bacteremia occurring from 1997 through 2002, 42% were diagnosed within 48 h of hospital admission. Methicillin resistance was detected in 73% of CoNS isolates from these episodes and in 88% of isolates from nosocomially acquired infections. Independent risk factors for MRCoNS bacteremia at hospital admission were similar to those identified for nosocomial MR-CoNS bacteremia [8] [9] [10] , including the presence of a CVC, admission from long-term care facilities or nursing homes, receipt of antibiotic therapy within the previous 30 days, and previous MRSA infection or colonization. The strongest predictor was the presence of a CVC, which increased the risk for MR-CoNS bacteremia by 15-fold. In all but 2 of the 79 patients who had MR-CoNS bacteremia at hospital admission, at least 1 of these risk factors was present, and the proportion of methicillin-resistant isolates progressively increased as more of these independent risk factors were present.
All of the risk factors for MR-CoNS bacteremia at hospital admission (identified by logistic regression analysis) could be considered to be associated with health care facilities. Friedman et al. [18] recently developed a new classification scheme for bacteremia that distinguishes among community-acquired, health care-associated, and nosocomial infections. The term "health care-associated" includes bacteremia in patients admitted from long-term care facilities or nursing homes; those with a history of hemodialysis, intravenous therapy, or specialized nursing at home; and those who have made hospital visits within the previous 30 days. When the bacteremia classification of Friedman et al. [18] is applied to the cohort of patients in the present study, 86% of cases of MR-CoNS bacteremia detected at hospital admission would be considered to be health care-associated infections. This analysis also determined that admission to the hospital from a long-term care facility or a nursing home increases the risk of MR-CoNS bacteremia by 12-fold. The probability of methicillin resistance among CoNS causing bacteremia at hospital admission was 62% among patients admitted from the community and 84% among those admitted from health care centers.
It is consistent with previous reports of nosocomial MRCoNS [11, 19] that we found prior antibiotic therapy to be a predictor for methicillin resistance. In the present study, an association between MR-CoNS bacteremia and a single type of antibiotic or antibiotic class was not identified; this may mean that the study size was insufficient for detection of a statistically significant difference. The case-case control study design, in which risk factors for 2 groups of case patients, those with MR-CoNS bacteremia and those with MS-CoNS bacteremia, were compared with a control group of patients who did not have CoNS bacteremia, was chosen to specifically address the impact of previous antibiotic therapy on the risk of bacteremia caused by antimicrobial-resistant pathogens. Harris et al. [20] have stated that comparing patients infected with antibioticresistant microorganisms and patients infected with antibioticsusceptible microorganisms could lead to overestimation of the role of antibiotic therapy.
The only risk factor for MS-CoNS bacteremia was the presence of a CVC. Other potential risk factors, including residence in a long-term care facility or nursing home, prior antibiotic therapy, or numerous hospitalizations, all of which are commonly associated with antimicrobial-resistant pathogens [21] [22] [23] , including MR-CoNS bacteremia as identified in this study, were not associated with MS-CoNS.
There are several potential limitations of the present study. First, the species of CoNS isolates was not defined. However, studies have demonstrated that the majority of CoNS isolates that cause true bacteremia are Staphylococcus epidermidis [1, 14] , and, therefore, failure to differentiate between species of CoNS should not alter the observed association between risk factors and the antimicrobial resistance profiles of these isolates. Second, the study was retrospective, a design that can make identification of risk factors subject to bias.
In conclusion, this study identified epidemiological characteristics unique to MR-CoNS and MS-CoNS bacteremia. Given the high prevalence of methicillin resistance among patients who had CoNS bacteremia at hospital admission, a future step in further defining the epidemiology of CoNS bacteremia at hospital admission would require understanding the mechanisms of MR-CoNS dissemination and differentiating between endogenous and exogenous acquisition.
